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ABSTRACT

An attempt has been made to correlate some of the
fundamental physical parameters of fallout material.
Parameters discussed are color and shape, activity,
;ize, weight, and density. What little correlation

that was possible among the accumulated data is pre-
sented together with the residual error.
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SUMMARY

The Problem

The problem was to investigate possible correlation between
activity, color and shape, size. weight, and density of primary
fallout particles.

Findings

The investigation revealed a significant difference in density and
activity in different types of fallout.

iii
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1. INTODUCTION

Operation REMING provided MM with numerous field samples which were

shipped to the Laboratory from the test site. 7-Vo of the shots, Zuni ai

Teva, provided particles adequate for the measurement of physical parameters.

The samples which were analyzed were designated as wim samples. The whim

samples from both events were collected in the same manner, from the decks

of a barge and a ship. The samples, which consisted of a large number of

small particles, were scraped Wp, put into containers and sent back to

the Laboratory for analysis or storage. There was one whim sample from

Zuni which came from a barge, YFNB 29 tind two whim samples from Tewa, one

frm the YFNB 29 and the oVher iram a ship,YAG 390(l)

The particles were analyzed to see what, if any, correlation existed

between activity and a physical pameter. Activity of a particle refers

to the net counts per minute, as detected under four-pi gecmetry by a thallium

activated sodiuL iodide crystal.

2. PARAMETERS INVESTIGATED

The whim samples were scooped off the deck of a vessel which had been

strategically located in the fallout area. It is assumed that the samples

were chosen without discriminating against any particular size, color,

weight, or shape. Wen the samples reached the Laboratory a small portion

of the total sample was selected for analysis. In general, the particles

selected for these aralyses were randomly chosen, but some of their physical

characteristics had been disturbed in handling the sample itself.* SoM of

uhe particles were extremely fragile and were broken before, during, and

after their selectioya.

Zumi particles were sieved.

U1 C LA S S IF I E D
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The physical parameters observeu were color and shape, size, weight,

and density. Each of these parameters merits further discussion about

the method of measuremst and the reproducibility and validity of the

results.

2.1 Color and Shape

The color and shape of each particle chosen from the selected portion of

the original whim sample were observed under a stereoscopic microscope. A

field of view was chosen with an adequate number of single particles and then

stripped of all particles. The particles were clascified according to their

apparent color under the microscope. The most prominent colors observed

were yellowish-orange and white. The particles were also classified according

to their shape (Fig. 1). The two most frequent shapes vere irregular

(Fig. la) and approximately spherical (Fig. lb). Figure lc shovs an inter-

esting feature comon to most of the spheres observed; they were hollow.

It is interesting to note from the data given in Appendix A that among

the colors seen were brown, brilliant yellow and sometimes even a greenish

tinge. The frequency of these odd colored particles can sometimes be

explained by the method of collecting the sample.

The numbe~r of gray porous particles found is of interest. It is possible

that they represent particles formed in a different region of the cloud than

are the spherical and irregular type. This would require further investigation

and analysis of these particular types of particles.

2.2 Size

The parameter chosen to measure the size of a particle was the maximum

projected diameter seen under a microscope. This method yielded reproducible

measurements of size. T._e size of all Tewa particles selected was recorded.

UNCLASSIF IED
2



Fig. 1 Examples of Sizes and Shapes of Fallout Particles Analyzed:
(a) Irregular particle,
(b) Spherical particle,
(c) Spherical with hollow center.
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2.3 Activity

All of the particles from both events were counted in a crystal well

counter. Since the particles were counted over a period of many days, the

counts had to be corrected to a common time in order that activities of the

particles could be compared.

A general decay cur'e for each location and event of interest was plotted.

The curve used for Zuni was the doghouse counter*decay of YFHB 29-H-79, that

for Tewa the doghouse decay of YFNB 29-H-79 and the weli counter decay curve

of YAG 39-C-21.(l) It was necessary to make two assumptions: (1) that the

doghouse and well counter decay curves have the same slope, and (2) that

all particles decay with slopes similar to the general decay curves from

the same location as the particle. Both of these assumptions are open to

ustifiable criticisms. A plot showing the decay of two particles picked

off the same collector is shown in Fig. 2. This plot illustrates the weakness

of the second assumption. When considering the difference in decay slope

for individual particlesas well as the difference in slope which character-

izes a counter's efficiencythen the validity of correction to a comon

time is questionable. Although the activity (c/m) of a particle is repro-

ducible, the ratio of the activities of two particles counted on D+40 and

corrected to D+30 is not necessarily a constant and the error introduced

is not a constant one.

2.4 Weight

A number of particles from Tea whim samples were weighed with an

Ainsworth microbalance. The principal error introduced in weighing was due

to crumbling of particles during handling.

* A large shielded scintillation counter, colloquially termed "doghouse"
because of its size and shape.

UN C LA , SIF E
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Fig. 2 Decay curves of two particles
from the same collector.

I

O I *?. * 4

'I A AWEP 't

Fig. 3 Activity as a fuzction of maximum
projected particle diameter.

5
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2.5 Density

The density of a particle was determined by letting it coae to an

equilibrium point in a density gradient tube. The gradient was made with

mixtures of bromoform wan brmobenzene with density ranges from 2.0 to

2.8 g/cu ca. The ratio of bromoform to bromobenzene to yield a given

density mixture was first calculated. Then the density of the mixture was

checked with a refractometer.

The errors introduced in determining the density of smLli porous 1Z.

particles are numerous and a few are quite critical. The most significant

error is introduced by the amount of air trapped in any cavities the

particle possesses. This error can be minimized by giving the gradient tube

a sharp rap on the side after a particle has entered. This rap releases

most of the trapped air and allows a particle to fall to an equilibrium

position. Some other errors are; (a) the amount of the particle dissolved

by the mixture, (b) the slowing down of a particle as it crosses a boundary

layer which frequently introduces faulty recording of density, and (c)

convection currents in the tube.

3. CORRELATION OF PARAMETERS

Having in mind the above errors which are introduced when physical

measurements of small particles are made will aid in understanding the

difficulty of attempting to correlate the parameters.

3.1 Size vs Activity

The size-activity plot for the combined particles from the test vesselsYAG 39

and YlM 29,Event Tea,is shown in Fig. 3. It indicates that there is a trend

UN C LA S SI F I E D

6



of increasing activity with particle size. Some of the prominent scattering

can be explained by highly irregular particles. By examining some of the

particles on the periphery of the plot a better insight into the scattering

can be jained. Four cf these particles and their characteri-tics froL

Appendix A are shown in Fig. 4. The two particles circled in Fig 3 are

shown in Fig. 4b and c, thus some of the scattering can be attributed t,

background particles th&t had be-ome contaminated.

The correlation between size antA activity for all sixty nine Tewa

particles was found by least squares, assuming a logarithmic relationship, to be

- 9 x 10-2 D2.01 (1)

with a residual error* of 206%

where

A(D+30) a activity (c/m) at thirty days since detonation.

D - maxim projected diameter (microns).

It is evident that the activity range for any given diameter is so large that

no definite function can adequately describe the correlation.

The spherical particles in Fig. 3 are identified by squares. The

relation found using the same assumptions as above is

A(D+30) a 2.76 x i0 "- 5 D3 "37 (2)

with a residual error of 430% and a total of only nine particles.

The relationship for all sixty irregular particles is

A(D+30) = 1.36 x 10-1 D1 .92 (3)

* Residual error is the error which cannot be attributed to the linear

regression.

7 NCLA E
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Fig. 4 Assorted Fallout Particles:
(a) Particle 158, white irregular, 2508 )i 7.2 x 105c/m

at D+30,
(b) Particle 166, brown irregular, 2508 p, 5.4 x 104c/m

at D 30, presumably not a fallout particle,
(c) Particle 177, white irregular (grooves like a shell),

18! p, 4.4 x 104 c/m at D+30, believed to be a piece
of shell on the barge before the shot,

(d) Particle 195, white irregular 2112 u, 4.4 x 105c/m
at D+30.
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ard the residual error, 191%.

From the above results, it would seem any estimates for activity of

a number of spherical particles would be expected from Eq. 1 to be low

while the same measured D for a number of irregular particles would yield

& high activity value.* This indicates one must not speak of activity vs

size but rather activity vs size vs particle typb. The resulting dispersion

and the above fact seems to indicate that a mew size parameter which describes

the irregularity of a particle may merit further investigation.

3.2 Weight vs Activity

Figure 5 shows a weight-activity plot. A linear relationship on log

log paper was hypothesized and a curve fitted using the method of least

squares. The relationship is

A = 3.2 x 10 wO.7 (4)

and the residual error = 136%

where W = weight, (pg).

The dashed lines on Fig. 5 represents 95% confidence intervals. A relation-

ship between activity, weight, and maximum projected diameter was found by

treating each as variables and using least squares.

A = 178 W0 " 3 5 D 063 (5)

It has been hypothesized(2) that fallout particles, which in the Eniwetok

Proving Ground are chiefly calcium compounds, are influenced by the following

reaction:

* As seen on Fig. 3., this is only true for particles greater than 320 microns.

9 211i 2 tIillik
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C&C 3 -.* C2 + Hs 20 C&(OB) 2 + C02 '4COCo 3 +. 1120. which has ar

adverse effect on anmy ,eight or density parater measured. The iLncreamse

in weight as a function of time would depend upon the qlvwtity CO:

present, porosity, surface area, and the atmosphere surrounding tle particle.

It is evident that as a function of time the activity of each particle would

decrease while its mass increases. The change in mass as a function of tim

is only significant at early times, such as 2 to 8 hr after detonation.

The preceding equations can be considered only approximate functional

relationships with sizeable residual errors. It appears, however, that the

actIvity is functionally related to the weight and projected diameter of a

particle, this function still not being adequately described.

3-3 Density vs Activity

A density-activity plot is shown in Fig. 6. These particles were selected

from the Zuni samples. The plot shows no apparent correlation between activity

and density.

Inspection of Fig. 6 shows a clustering of particles at ^ 2.3 and

P . 2.7. A plot of the percentage of particles falling in a given density

range vs density is shovn in Fig. 7. The heavy line, ercentage of total

particles falling in a given density, most clearly demonstrates the clustering.

The prominent peaks are at A- 2.3 and oPm 2.7. To further examine these

peaks a plot was made showing the percentage of yellow and white spheres

with a given density. The maxim= of the white spheres fall at /4= 2.3,

and the maximnn of the yellow at /0, 2.7. The density distribution is

recorded in Table 1. It seems valid to say that the yellow spheres are more

dense than the white.

1I
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Fig. 7 Density distribution of the particles
analyzed.
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Table 1 Density Distribution

Total number of particles (N) - 120

Total w'mber of yellow spheres -71

Total number of white spheres - 143

Mea dens ity of all spheres (6-_ __ -2.146

Mea density of yellow spheres -2.53 g/cm3

Mean density of white spheres - 2.33 p/cm3

W;gPercentage of Percentage of Percentage of

2.0 2.5 1.4. 4.7

2.1 6.7 2.8 11.6

2.2 7.5 2.8 16.3

2.3 22.5 14.0 35.0

2.14 9.2 9.9 7.0

2.5 1U.7 8.5 13.9

2.6 15.0 22.6 4.7

2.7 19.2 29.6 4.7

2.8 5.8 8.5 2.3

The activity range of the particles is sh own in Table 2.

13
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Table 2 Activity Range

Activity at D030 (c/)

lo3-1o04 1o4.1o lo5.1o6 1o6-1o7

Percentage (if spheres
in activity range yellow - 36 60 4

white 5 55 4C

Thus it would appear that the yellow spheres are u ore active than the

white ones. Combining these results could mean that the yellow spheres are

produced in a different region of the cloud than the white.

4. SUMa

The results of this investigation amy be summarized as follows; (a)

A = K1Dn and A - K2 Wn  each of which must be derived and applied to its

own species, after this is done there is still a sizeable residual error,

(b) the yellow spheres are more dense than the white ones, and (c) the order

of increasing activity seems to be wbite irregular, white spheres, and yellow

spheres.

The hope of finding better defined functions between particle activity

and physical parameters awaits improvements in defining these parameters

and the collection of more data.

Appr~ov bys

Z.ll. W

For the Scientifie Director
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Appefiix A

BIUGIZ PARTICLI AMLYBIS

The results of the analyses of 196 particles are listed below:

Specif cation of Particle Pameters

No. Erent Location Shape Size Activity at Ws8 Denaiqy
and (,) D + o (p) (/

Color (c/a)

Zuni Whim Sample
Y7M29

1 White l.51x±o 4
Sphere

2 White 3-05x10 2.4
Irreular

3 White 2.23x10 4  2.3
Irregular

14 Yellow 2.30x1O5  2.6

Sphere

5 Yellow 6.30i0 5  2.6
Sphere

6 Yellow 3.25xl05  2.5
Sphere

7 White j.Wo0 5  2.6
Sphere

8 Yellow 9.6u105 2.3
Sphere

9 Yellow 3.7x105  2.2
Sphere

10 Yellov 7.9x105  2.5
Sphere

11 Yellow 7.oxz5 2.3

12 yellow 14x10' 2.6
Sphere

13 Yellow 2.05ZWD' 2.6

14 White 3.&104 2.3

I7 L A 1 F I t D
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SIMDI IAIICIZ ARLYIS

S ification of Particle Parmeters
No. Event Location Shape Size Activity at Mass Density

and (D (Pg) (g/cu
Color (c/U)

Zunmi Whis Saq~1.
YFIM 29

29 Yellow 1.211106 2.5
Irregular

30 White 7.4 xio3 2.3
Sphere

31 Yellov 2.25x104  2.6
Sphere

32 Yellow 4. x10 5  2.5
Sphere

33 White 3.4 X1O 2.2
Sphere

3Y Yellow 1.5 x105 2.7
Sphere

35 Yellow 6.8 x!04 2.4
Sphere

36 White 3.1 x1O5  2.4
Sphere

37 1/2 1..5 x10 5  2.3
White
Sphere

38 3/4 6.25x104  2.1
yellow
Sphere

39 White 7.7 x104 2.1
Sphere

40 White 2.8 x,0 5  2.3
Sphere

41 Yellom 2.5 x105 /2.7
Sphere

42 Uhite 2.8 zio5 2.5

Sphere

U C L A S S I FI D
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SIMIZ PATICL ANA 8

Specilcttion of Pa-ticle Parmtemr
No. Ewent Location Sape Size Activity at "Na Donals '

and D + 3 (gig) (g/caS
color (c/U)

Zuni Whim Sample
Y73329

43 White 2.7 xlO 4 2.3
Sphere

4. Yelov 6.5 xlOh 2.4
Sphere

45 1/2 5-9x1o 2.3

White
Sphere

46 White 9.2 x1O 2.5
Sphere

47 White 7.0 xlo0 2.1
Sphere

1.8 Tellov 2.9 x106 2.7
Sphere

49 Yellov 4.4 x104 2.41
Sphere

50 White 5.0K105  2.3
Sphere

51 3/4 3.5 x,05  2.3
White
Sphere

52 White 8.7 x104 2.5
Sphere

53 White 2.45x103 2.6
irregular

54 White 4.2 x105 2.3
Sphere

55 Tellow 6.7 x105  2.6
Sphere

56 Green 9.2 x1O 2.1
Irregula

U N LASS I F ED
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SINGLE PARTICLE ANALYSIS

Specification of Particle Parameters
No. Event Location Shape Size Activity at Mass Densi

and ) + 30 (Pg) (glen
Color {/

Zuni Whim Sample
Y7NDZ9

57 White 7.4 x1O 2.3
Sphere

58 White l.58x10 5  2.0
Sphere

59 Yellow 2.6 x10 5  2.3
Sphere

60 Yellow 4.8 X10 5  P6
Sphere

6l Green 3.8 xlO 4  2.5
Sphere

62 Yellow 1.25X105  2.7
Sphere

63 White 6.6 xl0O 2.1
Sphere

64 Yellow 5.9x1O4  2.5
Sphere

65 Yellow 1.2 x 05  2.5
Sphere

66 Yellow 1.12xl0 5  2.3
Sphere

67 White 5.4 x1O 0 2
Sphere

68 Yellow 1.2 x105  2.7
Sphere

69 Yellow 5.2 xlO4  2.4
Sphere

70 Yellow 3 x 10 4.7
Sphere

UI CL A 5 17F13 D
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8INO=Z PA RCLE ANALYSIS

§Stcifiction of..aricle Paramters
No. Event Locatio Shape Size Activity at Mae Densiy

and (M) (pg) (g/Cn
Color (c/)

Zuni Whia Sample
Yr 29

71 Yellow 1.7 x10 5  2.6
Sphere

72 White 6.1 x1O4 2.2
Sphere

73 yellow i.53x105  2.4
Sphere

74 White 2.85x1o4  2.3
Sphere

75 White 1.0 x105 2.5
Sphere

76 Yellow 1.1t1o5 2.6
Sphere

7 White 7.2 x104 2.2
Sphere

78 Yellow 1. 42x,0 5  2.3
Sphere

79 White 2.3 x104  2.2
Sphere

80 White 2.1 x10 4 2.3
Sphere

81 Yellov 6.9 x104  2.7
Sphere.

82 Yellov 1.03xlO4 2.7
Sphere

83 Yellaw 2.05x105  2.7
Sphere

84 Yellow l.28x105 2.4

Sphere

UNCLASSIFIED
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SINGLE PARTICLE ANALYSIS

Specification of Particle Parm eters

No. Event Location Shape Size Activity at MaNs Densiy
and D(+3 (Pg) (g/cui
Color (c/a)

Zuni Whim Sample
YFND29

85 Yellow 9.6 lOk  2.8
Sphere

86 Yellow i.02x105  2.7
Sphere

87 White 9.8 x10 3  2.4
Sphere

88 Yellow 1.2 x105  2.3
Sphere

89 Yellow 8.0 x0 4  2.2
Sphere

90 1/2 5.3 xlo0 2.6
Yellow
Sphere

91 Yellow 2.9 x1O4  2.3
Sphere

92 Yellow 2.35xi05  2.6
Sphere

93 Yellow 1.05x10 6  2.7
Sphere

94 Yellow 1.3 xlO5  2.6
Sphere

95 Yellow 9.9 xl0 5  2.7
Sphere

96 White 2.4 x104  2.7
Irregular

97 Yellow 8.6 x1O4  2.6
Sphere

98 Yellow 1.3 x10 5  2.8
Sphere

UNCLASSIFIED
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SIMEIZ PA CLI ANALYIS

Specification of Particle Parameters
No. EVent Location Shape size Activity at .VAs Density

and6i D +(pa) (g/cu'3)
Color (/r..

Zuni Whim Sawle
T7R29

99 White 3.2 x104 2.
Sphere

100 White 1.43X105 2.7
Sphere

101 Yellow 5.1 xlO 2.7
Sphere

102 Yellow 1.09x10 5  2.6
Sphere

103 White 5.0 Xl0 3  2.4
Sphere

104 Yellow 6.9 xL 4  2.7
Sphere

105 Yellow 1.63xlO5  2.7
Sphere

106 White 1.0x10 5  2.5
Sphere

107 yellow 4.8 x10 2.5
Sphere

108 White 3.3 x1O 2.5
sphere

109 White 5.0 x1O 2.3
8phere

110 Yellow 1.1 x105 2.7
Sphere

111 Yellow 1.05xl05 2.7
Sphere

112 Yellow 8.6 x10 4  2.7
Sphere

U N 0 LA S S I FIED
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SII; PARTCIZ ANALIS

Specification of Particle Paremeters

so. Nent Location Spe Size Activity at Was Dona
and' 

m
((/

Color .(c/

Zuni Whim Seqple
TIEM 29

113 White 4.5 XlO4 2.8
Sphere

11i Yellov 1.2 x105  2.7
Sphere

115 yellov 8.5 xl0 2.6
Sphmre

116 Yellow 6.5 x10 2. 4
Sphere

117 White 1.5 x104 2.6
Sphere

lib Yellow 1.1 x105  2.7
Sphere

119 yellow 2.0 xlO 4 2.3
Sphere

120 Yellow 7.0 xlO 2.7
Sphere

121 Yellow 1.0 x105  2.8
Sphere

122 Yellow 1.2 z05 2.7
Sphere

123 White 3-9 xlO 2.2
Sphere

124 White 2.3 z-10 2.3
irregular

125 yellow 9.8 Xlo10 2.7
Sphere

126 White 1.8 X1O 5  2.1
Sphere

UNGLAS'SI FlED
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sINGL MmxcIz AKIZMzyx

Peification of ,Paticie . P rte

No. veat Location shape six* Activity at Mao Deasil
MA((P) D * (PS)

Scolor2*M wsB ug".
YAO-39

127 white 281 5 -W-10 3
spber.

128 White 81 i.aa 55

irrgulra

13 White 8528 1.3x104

131 Whit 5 2.3x 18

Irregul~ar

132 White 330 3.x1.o 10
Irreguar

133 White 38O 2.2x1O4 15
irregular

131 White 179 2.5x01 13
irregular

135 White 330 8.5xio3
Irrepular

136 White 261 5.14x10 3
Irregula

137 White 957 1.6x1.0) 47
Irregular

138 whiLe 363 2.9x10.o 5
Irregular

139 Whit 561 6.oa" 27
Irreguiar(c)

1.0 White 1386 h.6o106 216
Irregular

U2tLAS8IFI D
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SIMI1 PAM"I cJI AALYBI

Specifret ion of Particle Psraeters
No* armn L*ntfl= mpe s1i4 Activity at Hss Density

color (c/
Ts Whin Sampo

YAG-39
1.1 White 1629 5.x'0o3  13

112 hito 1056 2.zo 5

Iregla

1'3 White 792 5.x4o

14 White M2 5.2d01.

115 Vhite e29 1.AX10

Irregular

116 White 528 2.TxO

Irregular

11.7 White 1221 2.2x1Ok

Irregular

118 nit* 957 2.oz5oP
irregular

11.9 NO samPle

150 White 1386 1.&165
Irregular

151 white 528 7.5x1o 3

irregular

152 white 1.95 1.oxlo1
irregular

153 White 363 1.0u105
irregular

1516 White 6"a 6.ouoh1
Irregular(*)

UP UC L A 83 I VI D
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Specification of PatiliS ?rmters

Colors (c/ aI

No. '----,. ,--,to sh. at" -Activity at was onald

Tom Whim Swle
'6a. 

o39

155 White 396 5.1110

156 White 693 .3105
Irregula

157 White 396 7.f1O3

Irregular

158 Whte () 2508 7.2z.10

159 White 528
Irrgul~ar

160 White 396 1.9 °

Irregular( r)

11White 231 9.5i103
Irguar

162 White h9 2.U104
Irregular

Tsl& Whia BmOWe
Y11M 29

163 mlOUV 823 h.5z1D 310D
spmre(f)

164 110V U22 3.&1O5 321
spbre

1.65 Yseov M 7.W*5 397
Sphere

166 DroVU 2508 5.. o4

167 White 891 2.5ZO 505

UNLAS$ISD
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sicM PAM=IC ANALiSI8

imiclicatios or Ferticiss Parmeters
No. Event Lotios sbtpe Size Ativity at Mes Desin

an) () D * (pg) (W/c.')
Color wa/rn .

S Whim an@"
17529

168 White 759 1.1x10 5  220
Irregular

169 y oy1 l.W.06  866
Sphere

170 White 132D 7.2xO 584
Irregular

171 White 1881 4AXWOI;; l~u( h )

172 White 1683 klo5I reul.r(i)

173 Grey 990 5.hzok

174 White 957 l.kzo 5

Irregular

175 White 132D 1.5x10 5

Irregiala

176 White 921  2.3X10 5

Ireuar

177 White 1023 1.)siO 5

Irregular

178 White 891 1.1z1o5

Spbere

179 White 1056 4.6x0 5

Irregular

D White 1587 1.3xo
Irul

181 White 792 9.2x10 4

sphere

U29LASSII3D
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8IUGIZ PARTICLZ ANALIS

Speification of Particle Parameters

No. twent Locstlon SbapeSize Activity at Mss Density
aM(F) D *(pg) (g/c3

color (cln)

TOM Whim 8eq~1e
Y73529

1 White 759 1.9x1o 4

irregular

183 Grey 693 3-6104
irregular

184 White W5 3.&104
Irregular

185 White 1386 1.53ao5
Irregular

186 White 1452 2.6z105

irregular

187 White 726 8.0x1o 4

Irregular

188 White 528 2.2x1Ok

Irregular

189 White 726 6.3xi0h

T>regular

190 White 1056 7.hA104
irregular

191 White 1617 2.jmK1 5

irregular

192 White 792 6.5104
3pbere

193 White 726 1.0 5

irregular

194 1/2 799 2.3x10
White
Bpbere
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SINGLE PARTICLE ANAL!SIS

specification or Particle aamtr
No. Event Location Shape Site Activity at mss Density

MAd (P) D + 30 (pg) (g/(=3)
Color (c/ua

TOM Whim Sale
Y1D29

195 White 2112 11.4X 5

Irregular

196 White 3960 6.&3D5

IrregUlAr

(a) White irregular vith two black dots.

(b) White irregular with one black 4ot.

(C) Coz6oraMtion or mller spheres.

(4) White irregular vith dt, yellow spot.

(e) Black discoloration on one end.

(f) Photographed.

(g) Yellow and silver discoloration.

(h) Had grooves like a clam shell.

(1) 1.o.

() very porous.

31
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D IS TRIBUTION

1-9 Chief, Bureau of Ships (Code 233)
10 Chief, Bureau of Medicine and Surgery
11 Chief, Bureau of Aeronautics (Code AL+O)
12 Chief, Bureau of Supinlies and Accounts (Code SS)
13-14 Chief, Bureau of Yards and Docks (D-440)
15 Office of Naval Research (Code 422)
16 Chief of Naval Operations (Op-3 6 )
17 Commander, New York Naval ShirT~ard (Material Lab.)
IA-20 Director, Naval Research laboratory (Code 2021)
21 CO, Office of Naval Research Branch Office, SF
22-36 CO, Office of Naval Research, New York
37 Naval Medical Research Institute
39 CO, Naval Unit, Army Chemical Center
39 CO, Naval Unit, CmlC Training Caoand
40 CO, U.S. Naval Civil Engineering (Res. and ftel. Lab.)
41 U.S, Naval School (CRC Officers)
42 Coinrder, Naval Air Material Center, Philadelphia
43 CO, Naval Schools Command, Treasure Island
44 CO, Naval Damage Control Training Center, Philadelrbia
45 U.S. Naval Postgraduate School, Monterey
46 CO, Fleet Training Center, Norfolk

7-48 CO, Fleet Training Center, San Diego
49 Commander, Naval Ordnance Lab., Silver Srorings
5C, Office of Patent Counasel, Mare Island
51 Commander Air Force, Atlantic Fleet (Code 167)
52 CO, Fleet Airborne lectronics Trainirg Unit, Atlantic
53 Commandant, U.S. Marine Corps
54 Commandant, Marine Corps Schools, qlantico (Library)
55 Commandant, Marine Corps Schools, Quantico (Dev. Center)

56 Chief of Enginsers (Z 8 Dtein)
57 Chief of Eineers ("MI

33
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a-L.o Chiee, of Research And Developmnt (Atomic Division)
1 ,0 Chief of Transnortation (T Technical Committee)
61 Chief of Ordnance (1(RDTB)
62 Chief Chemical Officer
63 renuty Chief of Staff for Military Operations
64-6, Assistant Chief of Staff, G-2
66 rG, Chemical Corns Res. and Dev. Command
67 Hn., Chemical Corne Materiel Command
6P CG, Aberdeen Provirig Ground (Librmry)
C9 Pretsident, Chemical Corns board
-70 CO, Chemical Corns "raining Command (Library)
71 CO, Chemical Corns 7ield Re'uirements Arency
72-73 CO, Chemica' Warfare La-orritcries
74 Office of Chief Sivnal Officer (0I'RD-8B)
75 Director, Walter Reed krny radical Center
76 CG, Continental ArV Command, Ybrt Monroe (ATDEV-l)
77 CG, 4uartermaster Res. and Dev. Command
170 Office of 4uarterinster General (R and D Div.)
7Q Director, Operations Research Office (Librarian)
'10 CO, Durway Proving Ground
91 The Surpeon General (IMEDN)
82 Director, Evans Signal laboratory (Nucloonies Section)
0,3 Signal Corns Center, Fort Mormouth
P4 rG, En-ineer Res. and Dev. laboratory (Library)
q CO, 'ransnortation Res, and Dev. Comane, Fort -a'tin
'6 Commmndnrnt, Army Aviati-n School, Fort Rucker
07 Presiden., Poard No. 6 rUNAPC, "ort Rueker
Op NLO, CONARC, rort Monroe

Director, Snecial !!eanons 'nevelopmen*, Forf Plies
an CO, mankford Arsenal
01 Co, Ordnance Materials Research Office, Watertown
0? C, Watertown Arsenal
03 Tokyo Army Hoeital

01. Direc-rate of Intellience (A Il-'i:)
PC Commander, Air Materiel Comand (WINl)
6A r~om er, rripht Air Development Center (kCRT!)
07 CowmaIer, Wright Air Developwnt Center ( CRII-l)
qq Commander, Air Re. and Dey. Comwwd (ID)A)
Qq Director, U3AF FroJect RA D (01AMD)
100 Comandnt, 3Shool of Aviation Mdicine, Randolrb AN
1,1 UISAF, 4A, Randolnh Field ('rooks)
In2 0G, Str aeie Air Cowand, CFfutt APB (IGAPD)
1Ot ^G, Strrtecic Air Co enten (Operations Analysis Offio)

rommaner, 3ieial T eaoons Centr, Kirtlbad Avl
Inc Dire.tmnr, Air Uthidrsit, Library, butwell Aft
1'&-V-7 '-rarrver, eefticokl Trainirnr 'in', 3L1th TlM

a, rn-W9rie ResAreh Center (":9K)
I-11r,  rI , Air "eather Servie4-I'S, Imseey UP
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*)"IiH "C AC2TIITIES

111 Chief, Armed Forces Snecial Weanons Project
112 AFSWP, SwM, Sandia Base (Library)
113-115 AFSWP, Hq,. PIrl' Com'ne, Sandia Base
116 Assistant Secretary of Defense (Res. and Dev.)
117-118 Arsistant Secretary of Defense (Civil Defense Div.)
119-123 Armed Services Technical Information Agency

AE cnTJi'ES AIMD C--U

124 Alco Products, Inc.
125 Argonne Cancer Research Posrital
126-135 Argonne National La-orr .. ry
136-13Q Atomic Energy Commissic:n, Washineton
140-11.1 Atomics International
142-143 Lattelle Memorial Institute
144-147 Bettis Plant
148 Boeing Airnlane Corrany
149-152 Erookhaven National La, ,oratory
153 Prush Beryllium !. mny
154 Carnegie Institute 9.f Technoloey
155 Chicago Patent GrouD
156 Columbia University (Hassialis)
157 Columbia University (Havens)
158 Combus-Ov. Engineering, Inc.
159-160 oznsolidated Vultee Aircraft Cornoration
i61 Convair-eneral Dynamics Corporation
162 7%,narense Research Member
163 Dertrtment of Food Technology, MIT
164 Dow Chemical Company, Pittsburg
165 Dow Chemical Cwmnany, Rocky Flats
166-liP duPont Coenany, Aiken
169 duPont Cou'any, Wiltirnoton
170-171 General Kleciric Ccmnrny (ANPP)
172-183 General Electric Comnany, Richlan
104 (leneral Nucleer Eineering Corwrration
10c-1@6 Goodyear atWic Cornoration
lw7-109 Iowa State Col.ege
19-101 Knolls tnmie Power Laoratory
192-143 Lne*eed Aircraft Coroatin, MUriette
lq4 o10 Los Alaw-s Scientific Laboratory
1%6 Noumd Labritory
JQ-7 National Advisory Cowittep eor Aer-nau'ies
19# lational Bureau of St .adsrie (Litrary)
1.-. n % Kira'l bureau of 7tanda'as ('sylqr)

Natinnal loa' Ccerwny, Inr., trAwhester
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202 National Load Corneas7 of Ohio
203 New Brunswick Laboratory
204-205 New York Operations Office
206 New York University
207-204 Nuclear Developmnt Corvouation of berie.
209 Nuclear Mtals, Inc.
210 Oak Ridge Institute of Nuclear Studies
211-216 Oak Ridge National Lateratory
217 Patent Branch, Washington
218 Pennsylvania State University (Blanchard)
219-222 Phillips Petroleu Co.W
223 Princeton University (White)
224-225 Public Health Service, Washin-ton
226 RAND Cor-oration
227 Sandia Corporation
228 Sylvania lectric Products, Inc.
229 Technical Onerations, Inc.
230 Union Carbide Nuclear Comnany (C-31 Plant)
231-232 Union Carbide Nuclear Comnany (K-25 Plant)
233-235 United Aircraft Corporation
236 U.S. Geolorical Survey, Denver
237 U.S. Geolopical Survey, Menlo Park
23 U.S. Geolorical Survey, Naval Gun Paetory
239 U.S. Geological Survey, Washington
21 0 U.S. Patent Office
241 UCLA Medical Research Laboratory
212 University of California Medical Center
023-24 University of California Radiation Laboratcry, Berkeley
245-240  University of California Radiation Laboratory, Livermore
2/.9-2 0 University of Rochestar (Marshak)
251 University of Rochester (Technical Reort Unit)
252-253 University of Washington (Manley)
254 Vitro Engineering Division
255 Weil, Dr. George L.
256-257 Westinghouse Electric Corporation
258 Yale University (Breit)
259 Tale University (Schultz)
260-2q.4 Technical I'nformation Service, Oak Ridge

:)R5-325 USNRDL, Technical Information Division

DATE IS3U: I August 1957
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